In this letter we show that, abundant contents in the energy momentum tensor were overlooked and simply merged into the energy density ρ and pressure P . They are interactive potentials with different properties from that of ρ and P , which can be used as fingerprints for different interaction. In the usual treatment for particles moving in curved spacetime, the potential energy of the gravity seems to be ignored due to its subtle features. Via detailed calculation we find that, only T is independent variable, and all other thermodynamical variables together with these potentials can be expressed as some simple functions of T . Furthermore, these functions have little relationship with specific energy distribution function. The conventional energy momentum tensor for perfect fluid is given by
thermodynamics, entropy
The conventional energy momentum tensor for perfect fluid is given by
With great insight, Einstein pointed out Eq(1) is an imperfect model 'made by mud'.
It leads to the singular solutions to the Einstein equation, and is inconvenient to introduce the classical approximation for other interactions. Due to the effort of several researchers such as Israel and Stewart [1, 2] , Carter [3] and Lichnerowicz [4] , the energy momentum tensor T µν has been developed into a treasure box for classical fluid theory, which contains not only energy and momentum, but also heat flux, spatial stress and viscosity [5, 6] . Furthermore, the relativistic hydrodynamics with variational principle and Cartan's exterior algebra was elegantly established [7] .
In this letter, we solve two realistic problems for particles with self interaction
potential. The following analysis shows that Eq (1) is incomplete for such interaction, we should introduce corresponding potential terms. The other problem is that, in the context of general relativity, we find that, the influence of the gravitational potential should be include, and in the whole system with the interaction of spacetime, only the temperature T is independent variable, but other thermodynamical variables can be expressed as some simple functions of T . The primary motivation of this letter is to establish a more natural model for stellar structure [8] , and to give a consistent connection between field theory with thermodynamics.
In conventional thermodynamics, some concepts are organized unclearly, eg. even the temperature T was not clearly defined for large energy range, so it is inconvenient for theoretical analysis and easily leads to confusion. Considering that the thermal motion of particles in the comoving system is fundamental, here we define the temperature as follows
where k is the Boltzmann constant,K the mean shifting kinetic energy of ideal gas in a micro volume V , N the number of particles in V , K n is the kinetic energy of n-th particle. Assuming the distribution of kinetic energy of the particles is given by
which satisfies
where σ is a constant related to the concrete distribution. Since the following discussions have not any explicit relation with distribution function f , and at most use the second order moment, so the relations given by Eq(4) are enough. The following distributions show how σ varies with f , 
, (the upper bound of σ).
To be more clear, we introduce the method by concrete examples, but the treatment is of general significance. For the quantized nonlinear fields such as spinors, in microscopic view, the energy momentum tensor can be expressed by the following classical approximation [9, 10, 11 ]
where m k is the proper mass of the k-th particle, w k is the proper nonlinear potential, u µ k 4-vector velocity, v k the speed, X k (t) the central coordinate. For the particle of ideal gas, we have w k = 0.
In order to solve the statistical expectation value of Eq(9), denote
then we have
In Eq (11) and (12), we can directly solve the mean value of K k , m k as the function of T andm, but the rest terms lead to
F 1 depends on m k in a terribly complex manner, so it has not any practical use. We have to find some skills to solve the problem.
To research the thermodynamical properties of gas, we use piston and cylinder to drive gas. In astronomy, we have more ideal piston and cylinder, that is the spacetime with Friedmann-Robertson-Walker(FRW) metric, which is absolutely adiabatic and reversible. The FRW metric drives the gases homogeneously expanding and contracting, and the results have generally meanings due to the equivalence principle.
The line element of the FRW spacetime is given by
where the specific form of h(r) is not important. Solving the geodesic we have the following relations [10, 12, 13] 
where b k , b are determined by initial velocity. Since we firstly solve the micro motion of particles and then solving the expectation value of a variable, the results should be the same as that we firstly do statistical average for the variable and then solve its macro changing value, so we have the following calculation
Then we get
where the mean parameters are defined bȳ
For the case w k > 0, by Eq(20) we have
For the same kind particles, byw =μm, we get σ < and (20) also have not any relation with the 'piston' a(t), and they are independent of any dynamical process, so they are generally equalities for ideal gases in the comoving coordinate system.
We define the mass energy density and pressure of the particles ρ, P in comoving coordinate system as usual [9] 
Then, in mean sense we get
where ̺ = Nm V is the rest mass density. By Eq (11), (12) and (19), (20), we find the expectation value of Eq(9) should be
where U µ is the mean velocity satisfying U µ U µ = 1, and W is a missed or mixed term corresponding to potentials w k , which can act as negative pressure.
Then by Eq(24) and (25), we get
Eq(27) is just the result derived in [12] . For the non-relativistic case kT ≪m, we have
(ρ − ̺), but for the ultra-relativistic case kT ≫m, we have P → 1 3 ρ. This tell us Eq(24) and (27) are reasonable in physics.
W can be explained as potentials. If w k = 0, we get W = 0, and the other results return to the relations for ideal gas [12, 13] . So the introduction of W provides an entry to deal with potentials.
However, we should point out that different interaction results in different kind of potential [11, 14, 15] , and the correct form must derived from exact field theory. For example, in [10] , we derived a negative pressure term for the nonlinear spinors in the FRW universe as follows
but it is ignored in Eq(9) and then in Eq(25). If we introduce this potential by W s , detailed calculation shows that the corresponding energy momentum tensor should be
with
where β > 0 is a small dimensionless constant. In [16] we can see that, different from pressure P and W , potential W s adds negative terms simultaneously to T 0 0 and T 1 1 . So W s can not be merged into ρ, P or W , which is an independent variable.
For the interaction such as the electromagnetic field, we have three components adding to T µν . One is photons, which satisfies P ph = 1 3 ρ ph and can be treated as particles directly merged into the total ρ, P . The other component is the concomitant vector potentials of spinors, whose Lagrangian is given by [11, 14, 15 ]
where A µ k stands for the self potential of the k-th spinor. This part can be merge into Eq(9) by making classical approximation. The third part is the macro field A µ such as strong external magnetic field, which should be kept in the field form. Then the complete mean energy momentum tensor for particles of ideal gas generally takes the following form
ρ, P are the usual density defined by Eq(24) and (27), W n = W n (kT ), K n = Kn(kT ) are the mean potentials corresponding to a definite interaction.
In [14] , we show that different interaction fields leads to different mass energy relation, and then different (W n , K n ), which can be used as fingerprints of a field. Such fingerprints should be helpful for the fluid interpretation of the relativistic heavy ion collisions [17, 18] . This problem will be carefully discussed elsewhere.
The equations (24), (26) and (27) are generally holding laws for any local equilibrium ideal gases. In what follows, we derive another relation, the continuity equation among the energy conservation law, which reflects the effect of the gravitational potential. In the comoving coordinate system with the following Gaussian type metric [9] 
where g ab is the spatial metric, for Eq(29), we check the following Gibbs' law
where ∆V is the micro spatial volume occupied by N given particles, S the entropy.
We trace the motion of these particles. By U µ T µν ;ν = 0, we get the continuity equation for Eq(29) as
Denoting the proper time by dτ , then
In the comoving system, we have U µ = ( √ g 00 , 0, 0, 0) and dτ = √ g 00 dt, then we have
Multiplying Eq(36) by ∆x∆y∆z, and noticing the spatial volume element
we prove Eq(34).
Similarly, for the general case Eq(32), we have
One may oppugn the generality of Eq(39) due to the collision of particles. As shown in [12] , Eq(39) holds in mean sense for any process with elastic collisions, which can be understood as relay race of particles. Usually Eq(39) can not be directly obtained from T µν ;ν = 0 in static metric such as the inner Schwarzschild metric, where it becomes identity 0=0. Eq(39) was overlooked in astronomy, we will show this problem in [8] .
In what follows we expand Eq(39) for (29) and show its meanings.
For better comprehensibility, we use the particle density N to replace ∆V
Substituting Eq(24), (26), (27), (30) and (40) into Eq(34), we get dimensionless equa-
where all parameters are dimensionless,
The solution is given by
where N 0 is a constant density,
The above analysis shows that only the temperature J is the independent variable, the other thermal variables (ρ, P, ̺, N , W ) are all functions of J. The usual equation
of state P = P 0 ρ γ for ploytropes only approximately holds for limited range of ρ, and some equations of state for stellar structure derived from quantum theory seem to be quite complex and plausible.
Equation (43) has the following interesting properties:
(P1) For the case β =w = 0, it reduces to
For the FRW metric, by N ∝ a −3 we find Eq(45) return to the relation (16).
(P2) For Eq(45) and Eq(24), lettingm → 0, we get the Stefan-Boltzmann law ρ ∝ T 4 . This means that the above results automatically include photons via adequately adjusting σ, which reflects the different distribution functions of photons and particles, as well as the ratio of luminous particles to the dark matter.
(P3) In general relativity, all processes occur automatically, and N 0 is independent of any practical process, so it is a universal constant representing the strength of gravity constraining free particles. Calculation shows N 0 ≈ 4.58 × 10 39 m −3 . Furthermore, Eq(45) or (43) leads to an elegant self consistent theory for stellar structure and thermal equilibrium [8] .
(P4) For the casew > 0, the motion of the particles slightly deviates from the geodesic [11] , consequently the above relations may be also slightly violated, although the violation is very tiny.
(P5) For the casew > 0, when J < 2σµ B ≈ µ, we have N < 0, so the zero temperature can not reach. The deviation of motion from geodesic Eq(15) is too tiny to result in so large value when v k → 0 [11] .
The above analysis shows that, the entropy S is a superfluous concept in fundamental theory of physics. For equilibrium system, it is just a function of other variables such as (ρ, P, T ) with little use. For non-equilibrium system, the complete description must introduce dynamic variables such as heat flux, stress tensor etc, where it has no position and its meaning becomes equivocal. As an engineering concept, it may find out some historical reasons for existence. As a basic concept, we even do not know how to measure it. But it is heavily abused and seriously influences our vision. To such troublesome concepts, we should unhesitatingly take up the Ockham's razor.
The components of energy momentum tensor can not be simply treated as energy density and pressure, which embraces a lot of information for interactions, which can be used as fingerprints for the interactions. The generalized Gibbs' law actually includes the influence of the gravitational potential, which influences the pressure and temperature distributions in a star.
